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Abstract 
Peking University neutron imaging facility (PKUNIFTY) is a RFQ accelerator based facility, whose design principle is to scale 
down the size and cost as much as possible while maintaining a basic set of neutron radiography capabilities. The facility has been 
manufactured, installed and commissioned. As the first stage, lower beam power and neutron flux are employed. The thermal 
neutron flux is 2.35 × 104 n/cm2/s on the imaging plane with L/D = 50. Some preliminary experimental results are given. 
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1. Introduction 
Neutron radiography (NR) has been widely used in many disciplines, and the reactor-based neutron 
sources and the spallation neutron sources play a dominant role in current NR facilities. However the 
compact accelerator-driven neutron source (CANS) has the advantages of small size, low cost, easy 
operation and good flexibility, which is suitable for university and some on-the-spot applications. 
Peking University neutron imaging facility (PKUNIFTY) is a radio frequency quadrupole (RFQ) 
accelerator based facility, whose design principle is to scale down the size and cost as much as possible 
while maintaining a basic neutron radiography capability. However there are many conflicting demands 
for the design of such a very compact accelerator-driven neutron source, so compromises have to be taken 
[1]. The D-Be reaction was selected for neutron generation, and the energy of deuteron beam was set to 2 
MeV. The particular design of PKUNIFTY has been given in a previous paper [2]. The facility was 
constructed in 2008, and the deuteron injector of RFQ accelerator was set up in May 2010 [3]. The 
deuteron beam was accelerated by RFQ in Dec. 2011, and the first neutron beam was obtained on Feb. 2, 
2012. Since then, NR experiments have been carried out. In this paper the construction and 
commissioning of PKUNIFTY, as well as the preliminary NR results, are given. 
2. Facility 
The PKUNIFTY consists of three subsystems: an RFQ accelerator, a target-moderator-reflector (TMR) 
assembly, and an imaging system. The facility is installed in an existed neutron experimental hall, which 
has a 1.5 m thick concrete shielding wall. The maximum length of the facility is less than 10 meters. 
2.1. RFQ accelerator [4] 
The accelerator includes an electron cyclotron resonance (ECR) deuteron ion source, a low energy 
beam transport (LEBT) line, an RFQ cavity and a high energy beam transport (HEBT) line. The 50 keV 
deuteron beam is extracted from the ECR source, and then injected into RFQ cavity through LEBT. There 
are two solenoids in LEBT to focus the deuteron beam and match it with RFQ. The mini-vane four-rod 
type structure was chosen for the RFQ and its frequency is 201.5 MHz. The designed inter-vane voltage is 
70 kV, and the RF power is delivered by a RF transmitter through coaxial transmission line with diameter 
of 4-1/8”. The RFQ is working in pulsed mode. The designed maximum output RF peak power of the 
transmitter is 400 kW and the duty factor can be adjusted from 2% to 10%. There is a magnetic 
quadrupole triplet in the HEBT to focus the deuteron beam output from RFQ cavity onto the beryllium 
target. The whole accelerator is installed at the neutron hall of Peking University, Fig. 1, in which the ion 
source, LEBT, RFQ cavity and HEBT are arranged in a line. 
2.2. TMR assembly [5] 
The center of the TMR assembly is a cylindrical vessel made of aluminum and filled with water. The 
beam pipe of HEBT is inserted into the vessel and terminated by the water cooled beryllium target, which 
is mounted at a 45° angel to the axis of the beam pipe. The target surface is divided into small squares by 
grooves to avoid the damage of hydrogen embrittlement, which may peel off a large piece of target 
surface.  The main moderator is a piece of polyethylene in front of the target. Water plays the role of both 
the supplementary moderator and the reflector. There are two layers of shielding materials outside the 
aluminum vessel. The inner is lead to attenuate the γ ray, and the outer is boron doped polyethylene to 
attenuate the neutrons. The thermal neutron beam, which can be used for neutron radiography, is emitted 
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from moderator through the collimator, which is perpendicular to the deuteron beam pipe. This structure 
reduces the fast neutron and γ ray components in the thermal neutron beam. The collimator can be divided 
into two parts: the inner collimator and the outer collimator with a diaphragm in between. The diaphragm 
is made of B4C, which defines the size of thermal neutron source. The structure of TMR assembly is 
shown in Fig. 2. 
 
Fig. 1. The RFQ accelerator of PKUNIFTY.  
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Fig. 2. The TMR assembly of PKUNIFTY.  
2.3. CCD imaging system 
A 6Li based scintillator is used to convert the thermal neutrons into photons. The light is reflected by 
two mirrors and collected by a CCD camera. The imaging system is also placed in the neutron hall, 
without a concrete wall between the TMR assembly and the imaging system. The CCD camera is well 
shielded, and the use of two mirrors assumes that the light axes of scintillator and camera are not in the 
same plane. All the components on the light axis of camera are shielded by lead and boron doped epoxy. 
The energy spectrum of the imaging neutron beam is a continuum, and its Cd ratio is not high. This is due 
to not using a sapphire filter. However, the energy selection can be performed by ICCD and utilizing the 
time structure of neutron beam. The thermal neutron pulses will thus arrive at the scintillator later than the 
fast and epithermal neutron pulses, so we can set the shutter of ICCD to select the thermal neutrons and 
the higher effective Cd ratio can be obtained. 
3. Commissioning and current performance 
The accelerator was commissioned with the duty factor of 2% to 4% in 2011. The deuteron beam with 
the peak current up to 60 mA can be extracted from the ion source, and the beam transmission of LEBT 
for deuteron beam is 90%. However the RFQ transmission is only 50% at this stage, so the beam current 
on the target was limited to 0.33 mA in average during the commissioning and NR experiments to avoid 
too much beam bombarding in the RFQ cavity. The neutron beam was obtained in February 2012 and 
some parameters were measured as listed in Table 1. The thermal neutron flux was measured by means of 
the method of gold activation, and the spatial resolution was measured using the line-pair card of Gd.  
Table 1. Current performance of PKUNIFTY 
Parameters Unit Value 
Fast neutron yield n/s 2.4 × 1011  
Thermal neutron flux on the imaging plane 
with L/D = 50 
n/cm2/s 2.35 × 104 
Collimation ratio (L/D)  50 – 200  
Field of view cm2 21 × 21 
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Spatial resolution mm 0.33 
Dynamic range of gray level  195:1 
Contrast sensitivity of thickness  Better than 5% 
4. Preliminary results of neutron radiography 
After facility commissioning some preliminary neutron radiography experiments were performed. Fig. 
3 shows the NR results of the ASTM imaging quality indicators (IQI), the left side is the beam purity 
indicator (BPI), and the right side is the sensitivity indicator (SI). In the neutron radiograph of the BPI the 
Cd bars and BN disks are shown clearly but the lead disks are missing, which indicates that the γ ray has 
been suppressed effectively. In the neutron radiograph of SI the thinnest aluminum shim with the 
thickness of 0.0127 mm can be distinguished, and the holes of 0.508 mm with depth of 0.508 mm can be 
seen except the one under the thickest methylmethacrylate step. 
 
Fig. 3. The photos (upper) and neutron radiographs (lower) of ASTM Beam Purity Indicators (left) and. Sensitivity Indicators (right). 
A copper lock, shown in Fig. 4(a), was tested in our experiments. Fig. 4(b) shows its neutron 
radiograph, in which its inner structure can be seen clearly. Then we inserted some lubricating oil, and the 
radiograph with oil is shown in Fig. 4(c), in which the oil distribution can be recognized.  
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(a)                                               (b)                                                         (c) 
Fig. 4. The photo and neutron radiographs of a copper lock. (a) photo, (b) neutron radiograph without oil, (c) neutron radiograph 
with filled oil. 
5. Conclusion and perspective 
The first stage of commissioning was successful to show the basic function of PKUNIFTY, but the 
parameters are much lower than the designed value at the moment. The beam transmission of RFQ should 
be investigated and improved, and then further commissioning will be carried out by means of increasing 
the injected beam current and RFQ duty factor. The expected thermal neutron flux at the imaging plane is 
more than 105 n/cm2/s. In that case the higher efficiency and S/N ratio could be obtained. 
As a university facility the PKUNIFTY can be used for education and training as well as study of 
neutron radiography technology and its applications. Such a facility also has the potential to be used as an 
on-the-spot user facility.  
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